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In-Package  Desiccation  of  Dehydrated  Foods 

Carl  E.  Hendel  and  Horace  K.  Burr 

In-package  desiccation  is  a  process  that  reduces  moisture  content  of  a  product 
after  it  has  been  packaged.    The  product  is  packaged  together  with  a  small 
package  of  drying  agent,  and  drying  occurs  during  storage.    Moisture  is  slowly 
transferred  from  the  product  to  the  desiccant,  which  is  held  in  a  moisture- 
permeable  container.. 

By  the  process  of  in-package  desiccation  dehydrated  foods  can  be  dried  to  sub- 
stantially lower  moisture  levels,  without  heat  damage,  than  is  commercially 
feasible  by  other  methods.    Quality  retention  in  many  dehydrated  foods  is  mar- 
kedly' improved  by  this  attainment  of  lower  moisture  levels. 

,  Current  interest  in  desiccation  within  packages  has  been  aroused  in  part  by  re- 
cently renewed  interest  in  vegetable  dehydration,  and  in  part  by  the  develop- 
ment at  the  Western  Utilization  Research  Branch  of  vacuum  "puff-dried"  citrus- 
juice  powders.    These  powders  are  promising  new  products,  which  require  in- 
package  desiccation  if  they  are  to  be  economically  dried  to  moisture  levels  at 
which  they  will  have  satisfactory  storage  stability  (3$). 

In-package  desiccation  of  dehydrated  foods  was  first  studied  at  this  Laboratory 
during  World  War  II,    This  work  was  an  outgrowth  of  comprehensive  storage 
studies  in  which  quantitative  measurements  showed  the  marked  effect  of  moisture 
content  on  the  nonenzymatic  browning  of  dehydrated  vegetables  (17jl8>i2.)*  The 
program  had  been  undertaken  in  response  to  Quartermaster  needs  for  control  of 
browning  during  warm  and  tropical  storage.    It  was  found  that  by  in-package 
desiccation,  dehydrated  vegetables  could  be  made  very  resistant  to  browning. 

This  development  was  announced  by  L.  B,  Howard  early  in  19hB  (lljl2jl3)«  De- 
velopmental work  and  small-scale  commercial  trials  were  quickly  conducted  by 
this  Laboratory  and  by  the  Quartermaster"  Subsistence  Research  and  Development 
Laboratory,  the  forerunner  of  the  present  Quartermaster  Food  and  Container  In- 
stitute for  the  Armed  Forces,    This  cooperative  work  was  highly  successful,  and 
resulted  in  a  military  specification  (37)  for  what  was  called  "in-can  dehydra- 
tion1'.   This  specification  came  just  at  the  end  of  the  war  and  was  not  used  for 
regular  military  procurements. 

Since  World  War  II  certain  further  work  on  in-package  desiccation  of  dehydrated 
foods:  has  been  conducted  at  this  Laboratory,    The  present  report  briefly  sum- 
marizes both  earlier  and  more  recent  studies  of  (a)  protection  obtainable  for 
various  products  by  in-package  desiccation,  (b)  choice  of  desiccant,  (c)  choice 
of  desiccant  container,  and  (d)  rate  of  desiccation.    An  appendix  gives  em- 
pirical tests  which  have  been  used  for  the  appraisal  of  suitability  of  calcium 
oxide  samples  and  for  the  testing  of  potential  desiccant  containers. 
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Survey  of  Literature 

The  principle  of  desiccant  packaging  has  been  known  for  many  years 9    A  con- 
siderable number  of  patents  and  publications  exist.    The  objective,  however, 
has  usually  been  to  prevent  corrosion  or  to  prevent  increase  in  moisture  con- 
tent, of  a  product  from  transf err  of  Inoisture  through  the  container,  rather  than 
actually  to  dry  the  product,  '■  ~  V' 

The  first  record  of  desiccant  packaging  appears  to  be  that  of  an  English 
patent  granted  to  W.  T.  Yule  ih  l8U5  (Ul)  for  "keeping  animal  and  vegetable 
matters  dry,  when  preserving  them  ih  closed  vessels ^  by  placing  chloride  of 
calcium  or  other  chemical  absorbent  in  such  vessels,  but  not  in  contact  with 
the  matters  to  be  preservedi "    Patents  were  granted  to  Ohlhaver  in  1911  and 
1912  ( 32,33, 3h)  for  the  packaging  of  dry  yeast  with  a  desiccant.  Other 
patents  (l,2l723,2U,26,27j28j31)  issued  before  World  War  II  were  for  contain- 
ers, and  for  drying  agents,  for  the  desiccant  packaging  of  metal  goods,  of 
pharmaceuticals,  and  of  foodstuffs  such  as  cereal  products,  crisp  bakery  goods, 
candy,  pepper,  and  coffee.    During  World  War  II,  desiccant  packaging  was  used 
on  a  large  scale  (°_>  10','  l|0)  by  the  Armed  Forces  in  the  Method  II  packaging 
of  instruments,  equipment,  and  machinery  for  maintenance  of  the  humidity  be- 
low that  at  which  metals  rust*    In  the  past  five  years  a  number  of  publica- 
tions (8,  15,  20,  25)  have1  appeared  on  the  desiccant  packaging  of  a  range  of 
food  products,  and  ih  l9$0  a  patent  (3)  was  issued  to  Cotton  and  Schroeder 
(assigned  fee  National  Research  Corp,)  for  application  of  the  process  to  citrus 
juice  powders. 

The  desiccants  mosr,  commonly  specified  in  these  publications  and  patents  are 
the  physical-adsorption  type  (e,ga,  silica  gel,  alumina,  and  montmorillonite) . 
Such  desiccants  have  high  moisture  adsorptive  capacity  at  the  moderate  rela- 
tive humidities  that  are  effective  in  preventing  moisture  absorption  of  many 
foods.    Desiccants  of  this  type,  and  also  calcium  sulfate,  are  listed  in  the 
citrus-powder  patent  of  Cotton  and  Schroederj  however,  such  desiccants1  have 
low  capacity  at  the  low  humidities  necessary  for  the  efficient  continued 
drying  of  foods  that  have  been  dehydrated.    Calcium  chloride  is  specified  as 
the  desiccant  in  a  number  of  ttie;  early  patents,  but  even  this  drying  agent 
has  but  moderate  capacity  in  the  relative  humidity  range  of  .1  to  $  percent, 
needed  for  adequate  desiccation  of  some  dehydrated  foods, Minimizing  the 
sacrifice  of  container  volume  to  the  desiccant  is  of  course  important.  For 
this  reason,  calcium  oxide  was  selected  fer  most  of  the  in-package  desicca- 
tion studies  at  this  Laboratory,    A  relatively  small  .amount  of  this  drying 
agent  can  effectively  desiccate  dehydrated  foods,  since  it  has  full  capacity 
at  very  low  relative  humidities.    The  problem  of  expansion  of  the  calcium 
oxide  on  hydration  is  important,  and  a  considerable  amount  of  work  has  been 
necessary  to  develop  desiccant  containers  which  will  withstand  this  expansion. 

Effects  of  In-Package  Desiccation 

Extensive  data  on  the  effects  of  in-package  desiccation  on  dehydrated  vege- 
tables have  been  reported  by  R,  R.  Legault  and  coworkers  (16) »  In-package 
desiccation  provided  substantial  protection  against  loss  of  ascorbic  acid  and 
loss  of  sulfite,  as  well  as  noner.symatic  browning.    At  least  180  days  at  100° 
F,  were  required  for  even  a  "low"  degree  of  browning  in  the  dehydrated 
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cabbage,  onion,  white  po^to,  and-  sweetpotato.  f or  both  air  and  nitrogen  packs, 
This  finding,  is  considered  significant,  since  the  ,5low"  degree  of  browning 
approximates  the  amount  barely  detectable  to  the  eyej  thus  the  product  dif- 
fered but  little  from  the  original  at  this  stage.    Acceptability  for  180  days 
at  100°F.  is  a  stability  goal  of  the  Quartermaster  Corps  for  dehydrated  vege- 
tables and  other  products.  \i; 

The  dehydrated  carrot  received  less  protection  than  other  products,  as  a  re- 
sult of  very  , slow  desiccation  (see  later  section  on  "Rate  of  Desiccation"). 
In  one  lot  of  sweetpotato,  packed  in  air,  fading  of  color  and  development  of 
oxidative  off-flavor  were  accelerated  by  in-package  desiccation.    These  effects 
were  not.  observed  with  the  five  other  vegetables  (white  potato,  carrot,  cab- 
bage, beet,  and  onion)  (16)  5  and  they  have  not  occurred  in  orange- juice  powder. 
They  of  course  did  not  occur  in  sweetpotato  packed  in  nitrogen. 27  For  certain 
produces.,* packing  in  an  oxygen-free  atmosphere  may  prove  desirable  in  con- 
junction with  in-package  desiccation. 

The  rate  of  oxygen  absorption  by  air-packed  dehydrated  vegetables  was  de- 
creased at  120 °F»,  but  was  increased  at  75°F.    At  100°F*  in-package  desicca- 
tion retarded  absorption  of  oxygen  by  beet,  onion,  sweetpotato,  and  cabbage, 
while,  it  accelerated  oxygen  uptake,  by  sulfited  white  potato*.    The  effect  was 
very. slight,  if  any,  in  carrot  and  non-sulfited  white  potato. 

In-package  desiccation  has  proved  effective  in  preventing  caking  of  dehy- 
drated fruit  and  vegetable  powders.    With  dehydrated  onion  powder  this  pre- 
vention of  caking  was  demonstrated  in  a  cooperative  experiment  by  the  J.  R. 
Simplot  Co,  of  . -Caldwell,  Idaho,  and  the  Filtrol  Corporation  of  Los  Angeles, 
Calif ♦  |  this  was. briefly  described  in  an  article  by  Rogjr  A.  Lovett  (20)  and 
more  extensively  in  an  unpublished  report  by  Ray  L.  Dunlap  of  the  Simplot 
Company,    Protection  against  caking  and  chemical  deterioration  of  citrus- 
juice  powder  is  reported  in  the  patent  by  Cotton  and  Schroeder  (3) .  j$ 

For  the  citrus- juice  powders  recently  developed  at  this  Laboratory,  control 
of  nonenzymatic-  browning  and  of  off-flavor  development,  as  well  as  preven- 
tion of  caking,  have  been  reported  briefly  by  Strashun  and  Talburt  (35) >  and 
in  greater  detail  by  .Mylne  and  Seamans  (29). 

Selection  of  Desiccant 

Because  of  its  exceptionally  high  moisture  absorptive  capacity  at  low  relative 
humidity,  active  calcium  oxide  is  considered  the  preferred  desiccant  for  de- 
hydrated fruit  and  vegetable  products,    Figure  1  shows  absorptive  capacities 
of  various  commercial  physical  desiccants  and  of  pure  calcium  chloride  and 
calcium  oxide.  Variations  between  samples  of  these  desiccants  occur,. .-but  the 
data  illustrate  the  relative  humidity  ranges  at  which  various  desiccants  will 
be  most  useful, 

V  These  effects  were  not  observed  in  a  lot  of  sweetpotato  recently  stored  in 
air  in  this  Laboratory  by  F,  E.  Lindquist  and  coworkers.    Perhaps  variety  or 
cultural  conditions  affect <-the  relation  between  moisture  content  and  oxidative 
effects  in  sweetpotato  and  possibly  in' other  commodities.    Further  work  on  the 
point  is  needed. 


■'Since  dehydrated  f  ruit;  and  vegetable  products  '  .^ve  very  low  vapor  pressure 
at  the  end  of  desiccation — corresponding  to  relative- humidities  of  1  to  3, 
percent  in  some  cases — a  given  volume  of  calcium  oxide  will  absorb  a  con- 
siderably larger  quantity  of  water  from  the  dehydrated,  product  than  will  the 
other  desiccants.    Hence  a  smaller  sacrifice  of  container  volume  is  neces- 
saty  with  calcium  oxide  as  the  desiccant .£/ 

Tor  certain  dehydrated  vegetables  such  as  cabbage  and  onian,  particularly 
for  civilian  use,  desiccants  other  than  calcium  oxide  may  have  application, 
provided  some  further  sacrifice  in  container  volume  to  the  desiccant  can  be 
permitted.    Burr  and  Silveira  (2)  have  successfully  used  montmorillonite  (a, 
"hydrous  aluminum  silicate)  on  a  laboratory  scale  for  the  in-package,  desicca- 
tion of  dehydrated  cabbage. 

Calcium  chloride  has  a  high  capacity  at  relative  humidities  from  5  to  Ik 
percent,  but  only  moderate  capacity  at  lower  humidities.    Also  it  is  deli- 
quescent, forming  a  liquid  at  humidities  above  about  30  percent.    For  these 
reasons  it  has  not  been  used  in  our  studies, 

•Calcium  oxide  samples  differ  widely  in  their  capacity  and  in  their  re- 
activity.    Recalcined  hydrated-lime  samples  have  usually  had  higher  capacity 
and  higher  reactivity  than  samples  of  calcined  limestone,    Lower  volumetric 
expansion  on  hydration  has  also  been  observed  with  recalcined  hydrated 
limes.    An  empirical  test  of  calcium  oxide  desiccant  capacity  and.  reactivity 
is  given  in  an  Appendix  (page  11). 

Certain  precautions  in  use  of  calcium  oxide  as  the  desiccant  are  necessary* 
This,  desiccant  expands  with  great  force  during  hydration;  the  desiccant ^  con- 
tainer must  permit  the  expansion  or  the  lime  will  break  the  desiccant  con- 
tainer o    The  volume  of  increase  observed  for  various  samples  has  ranged  from 
about  60  percent  to  1?0  percent  ^f  original  volume. 

Also,  heat  is  evolved  by  lime  as  it  hydrates.    The  amount  of  heat  liberated 
is  greater  than  that  absorbed  by  the  product  aj  the  water  vapor  is  descr'Ded 
from  it — 16,700  calories  per  mole  of  water  absorbed  by  the  lime  as  compared 
to  approximately  10,800  calories  per  mole  of  water  vaporized  from  the  prod- 
uct.   It  is  therefore  possible  that  large  stacks  may  heat  enough  to  cause 
damage  to  the  product.    It  is  not  yet  known  if  this  will  be  a  problem.  If 
it  is,  provision  for  ventilation  of  large  stacks  may  be  necessary  to  pre- 
vent overheating* 

Selection  of  Desiccant  Container 

The  desiccant  container  must  be  sift-proof,  must  be  strong  enough  to  resist 
abrasion  during  handling,  and  must  permit  expansion  of  the  calcium  oxide  if 
this  desiccant  is  used.    Three  types  of  desiccant  containers  are  satisfac- 
tory if  properly  selected  and  properly  used. 


7j  No  information  is.  available  as  to  the  attitude  of  State  or  Federal 
regulatory  agencies  on  the  use  of.,  calcium  oxide  for  desiccation  of  food 
products. 
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Figure  1. 

Moisture  absorptive  capacities  of  calcium  oxide  i^l) t 
calcium  chloride  Ql),  montmorillonite  (21),  silica 
gel  and  alumina  ijQ  as  functions  of  relative 

humidity.    Based  on  bulk  densities  (lbs./cu.  ft.)  of 
58  for  calcium  oxide,  45  for  calcium  chloride,  60  for 
montmorillonite,  50  for  silica  gel,  and  45  for  alumina. 


Figure  3. 

Stretchable  heat-sealing  desiccant  bags. 


One  is  the  bag- type  container  with  sufficient  strength  to  resist  rupture. 
Paper- coated  jsan  cloth  bags  meeting  the  requirements  for  Military  Speci- 
fication MIL-D-3a61i  (39)  appear  to  be  the  most  promising  of  the  non- 
stretchable  bags  tested.    Heavy  (18-oz.)  canvas  is  satisfactory,  but  ex- 
pensive.   Jean  cloth  bags  with  separate  Kraft  paper  liners  were  selected 
by  the  Quartermaster  Subsistence  Laboratory  for  the  "in- can  dehydration" 
specification  (37).    Ample  volume  to  permit  expansion  of  the  calcium  oxide 
is  essential^  otherwise  the  container  may  bursts    Figure  2  shows  two  kinds 
of  bag  desiccant  containers* 

Rigid  containers  only  partly  filled  with  desiccant  can  be  used0    The  cal- 
cium oxide  expands  into  the  unfilled  part  of  the  container.    Figure  2  shows 
a  rigid  chip-board  (cardboard)  cylinder  with  metal  ends,  intended  for  use 
in  5- gallon  cans  of  dehydrated  vegetable* 

A  third  type  of  container  is  produced  from  heat-sealing,  stretchable  bag 
materials.    Examples  of  various  sizes  are  shown  in  Figure  3.    These  bags 
are  made  of  "Promset  83lX",3/  a  product  of  the  Mid-States  Gummed  Paper  Co. 
This  material  has  a  two-way  stretch  which  increases  its  ability  to  permit 
expansion  of  the  calcium  oxide  desiccant  without  rupture  of  the  desiccant 
container* 

In  tests  tc  date  the  dehydrated  product  has  settled  enough  during  storage 
to  permit  the  expansion  of  calcium  oxide  packed  in  bagsj  hence  smaller 
sacrifice  of  container  volume  is  necessary  with  bags  than  with  rigid  des- 
iccant containers. 

With  desiccant  bag  containers,  of  either  nonstretchable  materials  or  of 
the  stretchable  materials  available  thus  far,  care  should  be  taken  that  any 
unfilled  part  of  the  bag  is  not  "pinched-off "  from  the  filled  part.  Calcium 
oxide  tends  to  "bridge"  on  hydration  and  as  a  result  does  not  flow  readily 
into  unfilled  parts  of  the  bag. 

Powdered  calcium  cxide  samples  have  expanded  somewhat  less,  and  have  ex- 
hibited lower  tendency  to  rupture  pinched-off  bags,  than  have  comparable 
samples  in  pellet  form.    <A  test  of  . rupture -pro of ness  of  desiccant  bags, 
with  or  without  pinching  off,    is  given  in  the  Appendix. 

Rate  of  Exsiccation 

In  commercial  practice  it  will  often  prove  desirable  to  locate  the  des- 
iccant within  the  package  in  such  a  way  as  to  promote  rapid  drying  of  the 
products    During  desiccation,  water  vapor  must  be  transferred  in  succession 
through  each  of  the  package  components,  which  are; 

The  individual  product  piece.    The  moisture  must  be  transferred 
from  the  interior  of  each  piece  to  its  surface* 


3/  Mention'of  commercial  names  of  materials  dees  not  constitute  a  recom- 
mendation by  the  Department  of  Agriculture  over  other  comparable  products 
not  named. 
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'" 8 '  The '  package  atmosphere .    The  water  vapor  must  dif  fuse'  f item  '. 
"'    the 'surface  of  the  piece,  through  the  package  atmosphere  tc 
the  desiccant  container. hi 

■  The  desiccant  container*    The  water  vapor  must  pass  through  the 
desiccant  container,  and 

The  desiccant  itself.    The  moisture  must  be  absorbed  by  the 
desiccant. 

Each  of  these  components  offers  some  resistance  to  the  moisture  transfer, 
tending  to  slow  it  down,    The  individual  resistances  of  tnese ' various  com- 
ponents have  been  measured,  for  certain  representative  conditions ,  and  the 
results  have  been  expressed  in  terms  of  "transfer  coefficients ".jf/  From 
these  transfer  coefficients  the  effects  of  the  individual  package  com- 
ponents have  been  estimated.    The  details  will  be  reported  elsewhere,  The 
estimates  show  that  little  resistance  is  offered  by  active  calcium  oxide 
or  by  suitable  desiccant  containers.  . 

Resistance  of  the  package  atmosphere  can  be  large.    The  package  atmosphere 
offers  a  very  large  resistance  in  containers  of  10-  to  15- inch  depth  (for 
example,  in  5-gallon  cans)  if  the  desiccant  is  at  one  end  of  the  container. 
This  fact  was  demonstrated  with  containers  of  various  depths.    For, dehy- 
drated cabbage,  :6<,5  days  were  required  to  reduce  the  moisture  content  from 
it  percent  to  2  percent  when  the  product  depth  was  3  inches  (desiccant  at 
one  end),  13  days  when  the  depth  was  6  inches,  und  25  days  when  the  depth 
was  12  inches.    For  onion  f late s  the  numbers  of  days  required  to  reduce 
the  moisture  from  3»9  to  1*9  percent  were,  respectively,  10,  23,  and  59' 
for  product  depths  of  3>  6,  and  12  inches.    The  beneficial  effect  of  re- 
ducing the  transfer  distance  through  the  package  atmosphere  is  thus  evident. 

Some  products  can  themselves  offer  substantial  resistance.    For  carrot  of 
3/8  x  3/8  x  3/l6-inch  size  before  drying,  ijl  and  65  days,  respectively,  were 
required'  for  product  depths  of  3  and  6  inches  in  reducing  the  mbisture  con- 
tent from  7.1  to '/(..l  percent,  the  relatively  small  difference  in' time  re- 
quirement being  due  to  the  resistance  of  the  carrot  itself.    For.  this  prod- 
uct the  rate  of  desiccation  was  increased  about  2-  to  3-fold  by  a  decrease 
in  piece  thickness  from  3/16  inch  to  l/l6  inch.    For  orange-juice  powder 
at  product  depths  of  3  and  6  inches,  Ul  and  76  days,  respectively,  were  re- 
quired to  reduce  the  moisture  content  from  2,7  to  0,7  percent.    The  studies 
mentioned  above  were  conducted  at  1  atmosphere  of  pressure.    The  storage, 
temperature  was  93°F. 

U/  It  is  recognized  that  in  traveling  from  the  product  piece  to  the  desiccant 
container  a  given  water  molecule  may  rarely  remain  continuously  suspended  in 
the  gas  phase.  Rather  it  may  be  successively  ads^rbdd  and  desorbed  by  a 
series  cf  product  pieces  in  moving  from  the  piece  where  it  originated 
to  the  desiccant  container, 

5/  A  part  of  this  .work  was  performed  by  the  senior  author  during'  graduate 
study  .at-  the  University  of  California,  Department  Qf  Chemistry  and  Chemical 
Engineering,  under  the  direction  of  C,  R.  Wilke, 


The  effect  of  temperature  has  been  determined  in  another  study  (7).  it  was 
found  that  each  18°F.  (10°C.)  of  temperature  increase  approximately  doubles 
or  triples  the  rate  of  desiccation  of  dehydrated  vegetables 

Summary 

Four  aspects  of  in-package  desiccation,  have  been  reviewed; 

The  protection  obtainable  by  in-package  desiccation.    The  process  can  pro- 
vide protection  against  nonenzymatic  browning  of  dehydrated  foods,  against 
the  development  of  off -flavors  in  orange  juice  powder,  against  the  caking  of 
fruit  and  vegetable  powders,  and  against  losses  of  sulfite  and  of  ascorbic 
acid. 

Oxygen  absorption  by  air-packed  dehydrated  vegetables  was  decreased  at  120°F. 
but  was  increased  at  75°F.    For  one  lot  of  air-packed  sweetpotato  stored  at 
73>°F.,  in-package  desiccation  accelerated  fading  of  natural  pigment  and  de- 
velopment of  oxidative  off-flavor.    This  effect  was  not  observed  with  air- 
packed  cabbage,  onion,  white  potato,  carrot,  or  beet,  or  with  orange  juice 
powder.    Further  study  of  this  effect  is  needed.    The  reaults  suggest  that 
for  some  products  best  protection  can  be  obtained  by  in-package  desiccation 
in  combination  with  packing  in  an  oxygen-free  atmosphere. 

The  desiccant.    Because  cf  its  high  water  vapor  capacity  at  low  relative 
humidity,  active  calcium  oxide  is  a  preferred  desiccant  for  dehydrated  fruit 
and  vegetable  products. 

The  desiccant  container.    Several  types  of  containers  are  suitable*    If  the 
desiccant  is  calcium  oxide,  the  ability  of  the  container  to  permit  the  ex- 
pansion should  be  carefully  tested. 

The  rate  of  desiccation.    The  package  atmosphere  can  offer  a  very  large  re- 
sistance to  moisture  transfer,  and  hence  can  greatly  retard  the  desiccation. 

Some  dehydrated  fruit  and  vegetable  products  have  a  large  resistance  to  mois- 
ture transfer;  others  do  not,  depending  in  part  on  their  moisture  content. 

Calcium  oxide  desiccants  and  desiccant  containers — if  properly  selected — will 
offer  but  small  resistance  to  the  moisture  transfer. 


APPENDIX;    Tests  for  Calcium  Oxides  and  Containers 

During  the  course  of  the  in-package  desiccation  research  at  this  Laboratory, 
a  number  of  procedures  have  been  devised  to  test  the  moisture- absorbing 
capacity  of  calcium  oxide  samples,  the  expansion  of  such  samples  during  hy- 
dration, and  the  rupture-proof ness  of  desiccant  containers.    These  tests  are 
empirical.    Most  of  them  are  rapid,  designed  as  tools  to  aid  in  the  develop- 
ment or  in  the  control  testing  of  desiccants  and  desiccant  containers,.  It 
is  recognized  that  they  are  based  on  an  arbitrary  choice  of  conditions  and 
that  modifications  may  offer  advantages;  however,  they  may  serve  as  useful 
guides  to  others  who  undertake  either  the  use  or  the  further  development  of 
in-package  desiccation. 
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I.    Tests  of  Expansion  of  Calcium  Oxide  Desiccant  During 
Hydration  and  of  Volume  After  hydration 

Two  tests  have  been  used.    Of  these,  the  second  is  preferred. 

Test  1.    The  volume  of  a  known  weight  of  calcium  oxide  is  measured  in  a 
graduated  cylinder.    The  calcium  oxide  is  transferred  to  a  second  (shallow) 
container.    It  is  then  hydrated  over  saturated  sodium  bromide  solution. 
After  hydration  the  desiccant  is  again  transferred  to  the  graduate  for 
measurement  of  its  volume.    The  graduate  has  usually  been  tapped  to  con- 
stant volume.    Error  due  to  change  in  volume  of  the  hydrated  desiccant  dur- 
ing transfer  to  the  graduate  can  occur. 

The  weight  of  calcium  oxide  has  usually  been  100  grams.    The  desiccator  can 
be  at  atmospheric  pressure  or  it  can  be  evacuated  to  increase  the  speed  of  ' 
hydration.    At  atmospheric  pressure,  6  to  8  weeks  may  be  required  for  hydra- 
tion.   Hydration  by  exposure  to  the  open  atmosphere  is  not  satisfactory; 
absorption  of  carbon  dioxide  and  formation  of  calcium  carbonate  may  lead  to 
serious  error. 

Test  2.    The  preferred  test  is  rapid,  requiring  about  2  tc  3  days,  and  the 
transfer  of  the  desiccant  from  the  graduate  to  the  second  container  is 
avoided, 

a.  Weigh  100  grams  of  the  calcium  oxide  into  a  2-50-ml.  graduated" 
beaker. 

b.  Read  the  volume. 

c.  Place  the  beaker  in  a  No.  10  can  cut  to  a  height  of  about  3 
inches.    Add  saturated  sodium  bromide  solution  to  the  can 
around  the  beaker  to  a  depth  of  about  2  cm.    Place  the  can  in 
a  desiccator  that  has  no  desiccator  plate  and  contains  about 

2  cm,  of  saturated  sodium  bromide  solution.    The  bottom  of 
the  can  is  immersed  in  the  solution  in  the  desiccator  to  per- 
mit rapid  dissipation  of  the  heat  of  hydration. 

d.  Evacuate  the  desiccator. 

e0    After  hydration  is  complete,  read  the  vclrjne  of  the  hydrated 
calcium  oxide. 

The  course  of  desiccation  can  be  followed,  if  desired,  by  occasional  weigh- 
ing of  the  beaker  and  its  contents.    The  volume  of  desiccant  has  usually 
been  read  after  compacting  to  constant  volume  by  gentle  tapping  of  the 
beaker  on  the  table  top. 

The  pressure  in  the  evacuated  desiccators  has  been  6  tc  8  cm.  of  mercury; 
evacuation  has  been  accomplished  with  a  water  aspirator. 

Saturated  sodium  chloride  solutions  instead  of  saturated  sodium  bromide 
solutions  have  given  satisfactory  results „    The  relative  humidity  over  a 
saturated  solution  of  sodium  chloride  is  about  75  percent;  that  over  a 
saturated  sodium  bromide  solution  is  about  55  percent.    Hydration  over  pure 
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water  is  not  satisfactory  >,  the  amounts  of  water  absorbed  can  be  greatly  in 
excess  of  that  corresponding  to  the  hydration  of  calcium  oxide  to  calcium 
hydroxide. w 

The  test  does  not  measure  very  accurately  the  volume  the  hydrated  desiccant 
would  occupy  in  a  container  of  dehydrated  food  because  no  weight  is  press- 
ing on  the  calcium  oxide  during  hydration.    However,  it  apoears  to  be  the 
best  test  presently  known* 

Attempts  to  hydrate  calcium  oxide  with  a  weight  resting  on  it  during  hydra- 
tion have  been  unsuccessful.    In  several  tests,  weights  of  about  50  grams 
per  SQuare  Inch]/  (with  appropriate  screen  supports)  have  been  placed  on 
100- gram  calcium  oxide  samples  in  2£0-ml»  graduated  beakers,  but  in  most  of 
-the  samples  so  tested,  the  bottom  has  been  broken  from  the  beaker  by  the 
force  of  the  expanding,  desiccant.    Breaking  of  the  bottom  from  the  beaker 
resulted  from  formation  in  the  early  part, of  the  hydration  of  a  hydrate 
"bridge"  across  the  upper  part  of  the  beaker;  this  "bridge"  proved  stronger 
than  the  beaker  when  the  calcium  oxide  in  the  lower  part  of  the  beaker  ex- 
panded on  hydration. 

The  breaking  of  thick-walled  graduated  beakers  by  the  expanding  calcium 
oxide  is  one  of  several  demonstrations  of  its  tendency  to  bridge  during 
hydration.    As  a  result  of  this  bridging  the  calcium  oxide  does  not  flow 
readily  during  hydration. 

II.    Tes-os  of  Rupture-Proof ness  of  Desiccant  Container 

The,  following  tests  of  the  ability  of  desiccant  bags  to  withstand  the  ex- 
pansion of  the  calcium  oxide  can  be  applied  with  or  without  "pinching- off " 
the  unfilled  part  of  the  bag. 

Test  !♦    Rapid  empirical  test.    To  test  under  pinched-off  conditions,  the  bag 
is  picked  up  by  one  end  to  permit  the  calcium  oxide  desiccant  to  fall  to  the 
other  end.    The  bag.  with  the  unfilled  part  in  approximately  the  same  plane 
as  the  filled  part,£/  is  placed  on  the  bottom  of  a  No.  10  can  cut  to  about 
3- inch  height,  and  3  pounds  of  sand  are  ponred  into  the  can,  on  the  des- 
iccant bag.    The  sand  pinches  off  the  unfilled  part  of  the  bag,    The  can  is 
set  in  a  desiccator  containing  saturated  sodium  chloride  solution,  and  the 
desiccator  is  evacuated  (residual  pressure,  6  to  8  cm*  of  mercury).  The 

6/  The  abnormally  high  weight  increase  of  calcium  oxide  over  pure  water  is 
Evidently  due  to  formation  of  a  hydrate  of  the  hydroxide.    Over  saturated 
sodium  bromide  solutions  the  weight  increase  of  commercial  limes  will  be  a 
little  below  the  theoretical  value  of  32.1  percent,  but  over  pure  water  the 
weight  increase  may  be  as  much  as  50  percent  higher. 

7/  Fifty  grams  per  square  inch  is  the  approximate  weight  per  unit  area  on 
The  bottom  of  a  No.  10  can  containing  3  pounds  of  orange  juice  powder  (the 
quantity  packed  in  this  size  of  can). 

8/  As  a  somewhat  more  sovere  test,  the  unfilled  part  of  the  bag  has  sometimes 
Been  folded  under  the  filled  part. 
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desiccator  plate  has  been  removed  and  the  bottom  of  the  can  is  immersed  in 
the  saturated  sodium  chloride  solution. 

To  test  without  pinching  off,  the  bag  is  placed  on  the  bottom  of  the  No*  10 
can  with  the  desiccant  spread  somewhat  uniformly  across  the  bottom  of  the 
bag.    The  unfilled  part  of  the  bag  is  then  readily  available  to  the  expand- 
ing desiccant. 

The  3  pounds  of  sand  exerts  a  force  on  the  desiccant  bag  equivalent  to  that 
exerted  on  the  desiccant  bag  in  a  No.  10  can  of  orange  juice  powder  when  the 
can  is  filled,  sealed,  and  subsequently  handled  in  such  fashion  that  the 
desiccant  container  is  at  the  bottom  of  the  can  during  storage. 

Removal  of  the  desiccator  plate  and  immersion  of  the  No.  10  can  in  the  sodium 
chloride  solution  is  necessary  if  overheating  of  the  calcium  oxide  and 
desiccant  bag  is  to  be  avoided.    In  the  first  tests,  the  cans  were  placed  on 
the  desiccator  plates,  out  of  contact  with  the  solution.     The  calcium  oxide 
became  so  hot  during  the  subsequent  hydration  that  the  seals  of  heat-sealed 
bags  separated;  moisture  transfer  was  rapid  and  heat  transfer  very  slow  in 
the  evacuated  desiccators.    Overheating  is  avoided  by  immersing  the  lower 
part  of  the  cans  in  the  sodium  chloride  solutions.    Thus  the  heat  transfer 
is  rapid  enough  so  that  in  the  tests  to  date,  the  temperature  of  the  sand 
near  the  desiccant  bag  has  not  risen  above  an  apparent  value  of  about  95°F. 
(room  temperature  about  75°F.)» 

This  test  has  usually  been  applied  to  desiccant  bags  of  U»25  x  6  inches  in 
inside  dimensions  with  3/8-inch  heat  seals  on  each  side,  and  containing  IkO 
grams  of  calcium  oxide  of  30  percent  capacity  and  of  about  70  to  90  percent 
volume  increase  on  hydration. 

After  hydration  is  complete,  the  desiccant  containers  are  examined  for  signs 
of  rupture  or  damage  to  the  heat  seal  or  other  closure. 

Test.  2.    Slow  test  under  use  conditions.     The  desiccant  bags,  with  or  with- 
out pinching-off  as  described  above,  are  placed  at  the  bottoms  of  No.  10  cans 
which  are  then  filled  with  the  product  (in  our  test  with  3  pounds  of  orange- 
juice  powder) »    The  cans  are  sealed  and  are  then  placed  in  storage  in  such  a 
position  that  the  desiccant  bags  are  at  the  bottoms  of  the  cans,    After  hy- 
dration is  substantially  complete  (about  2  tc  h  months  for  orange  juice  powder 
at  room  temperature)  the  cans  are  opened  and  the  desiccant  bags  are  examined 
for  signs  of  rupture  or  damage  to  the  seal, 

This  test  under  use  conditions  would  be  assumed  to  give  results  which  are 
more  reliable  than  those  of  the  rapid  empirical  test,  but  the  long  time  re- 
quired for  hydration  limits  the  number  of  tests  that  can  be  made.  Limited 
tests  have  indicated  that  bags  may  fail  in  the  slow  test  even  though  satis- 
factory in  the  rapid  test.    A  combination  of  the  two  tests  may  therefore  be 
desirable:    the  rapid  test  as  a  guide  in  developing  or  testing  desiccant 
containers  and  the  slow  test  as  a  more  reliable  appraisal  of  the  suitability 
of  desiccant  containers  which  show  promise, 
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III*    Test  of  Calcium  Oxide  Desiccant  Capacity  and  Reactivity 

The  following  test  was  developed  at  this  Laboratory  as  a  rapid  method  of 
appraising  the  capacity  and  the  reactivity  of  calcium  oxide  desiccant 
samples;  it  was  included  in  the  "in-can  dehydration"  specification  (37) 
previously  mentioned, 

Equipment  and  reagents 

One  or  more  250-mm,  desiccators  with  a  sample  support  made  of 

1/Vinch-mesh  wire  screen  or  similar  material  (to  replace  the 

regular  desiccator  plate). 
Five  hundred  mlo  of  a  saturated  solution  of  pure  sodium  bromide 

with  excess  crystals  in  each  desiccator,  at  75°F.  ( 2U°C, ) • 
Two-ounce  tin  ointment  boxes,  6  cm.  in  diameter,  and  2  cm,  in 

height,  or  suitable  weighing  dishes. 
Suitable  temperature  control  at  75  +  2°F.  (2U  +  1°C), 

Procedure 

a.  Weigh  accurately  1>9  to  2*0  grams  (+0.005  gram)  of  the  ground 
sample  into  a  sample  container  and  spread  it  in  a  uniform  layer 
over  the  bottom, 

b.  Place  the  sample  container  in  the  desiccator.    Use  one 
desiccator  for  not  more  than  six  samples. 

c.  Weigh  the  dish  and  sample  after  I48  hours  and  calculate  the  per- 
centage of  water  absorbed  by  the  desiccant  from  the  increase. 

d.  Weigh  the  dish  and  the  sample  after  U8  hours  (and  if  desired 
after  successive  intervals  of  2  to  k  days  until  the  weight  be- 
comes constant) , 

e.  Calculate  the  percentage  of  water  absorbed  by  the  desiccant 
from  the  increase  in  weight. 

Tentative  requirement 

The  desiccant •  should  increase  in  weight    at  least  28.5  percent  in  I48  hours. 

This  test  gives  a  composite  measure  of  reactivity  and  of  capacity;  that  is, 
for  the  sample  to  absorb  water  equal  to  28.5  percent  of  its  weight  in  L8 
hours  it  must  have  both  sufficient  reactivity  and  sufficient  capacity. 
Failure  to  absorb  this  quantity  of  water  may  be  due  either  to  low  reactivity 
or  to  low  capacity;  the  two  can  be  differentiated  by  comparing  the  ii8-hour 
value  with  the  ultimate  capacity  (the  moisture  absorbed  when  the  sample  is 
held  until  constant  weight  is  reached).    From  U  days  to  2  weeks  or  linger 
may  be  required  to  reach  constant  weight,  depending  on  the  sample. 

If  failure  to  meet  the  above  requirement  is  due  to  low  reactivity,  there  will 
be  a  large  difference  between  the  U8-hour  capacity  and  the  ultimate  capacity, 
but  if  due  to  low  capacity  the  difference  will  be  small  (for  example,  no  more 
than  about  2  percent).    All  the  recalcined  hydrated    lime  samples  with  which 
we  have  worked  have  been  sufficiently  reactive  that  the  differences  between 


these  values  have  never  been  more  than  1  to  2  percent,  although  the 
ultimate  capacity  has  sometimes  been  lower  than  28,5  percent.    Samples  with 
capacity , lower  than  28,5  percent  can  of  course  be  used  for  in-package  des- 
iccation. .  Proportionately  larger  amounts  are  required  to  remove  a  given 
amount  9 f  m6is,ture  from  the  product, 

Samples  of  somewhat  lower  reactivity  than  required  in  this  test  could  also 
be  used  for  in-package  desiccation,  but  the  overall  rate  of  desiccation 
will  be  somewhat  reduced  if  the  reactivity  of  the  desiccant  is  much  lower' 
than  that  necessary  for  the  ultimate  capacity  to  be  rather  closely  approached 
in  h8  hours.  V._ 

It  may  be  noted  that  for  this  test,  the  desiccators  are  at  atmospheric  pres- 
sure, whereas  evacuation  is  recommended  for.  some  of  the  tests  described 
above.    The  difference  is  due  to  the  fact  that  in.. this  test  only  2  gramsof 
desiccant  are'  hydrate d  per  sample,  and  the  amount  .of  water  vapor  required 
can  be  read:Uy  transmitted  through  the  air  of  the  desiccator  at  atmospheric 
pressure,  but  in  the  tests  involving  100  grams  of  calcium  oxide  per  sample, 
the  desiccator  must  be  evacuated  if  the  much  larger  amounts  of  water  vapor 
are  to  be  transferred  in  a  short  time. 
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